[February 16, 1945] DISCUSSION ON RATIONALE OF RADIOTHERAPEUTIC TECHNIQUE IN CARCINOMA OF THE LARYNX.
[Abridged] Dr. J. L. Dobbie (Holt Radium Institute, Manchester): The general object of this discussion of carcinoma of the larynx is to show how a range of techniques is called for, suited to various stages of disease. Table I illustrates the percentage occurrence of different types and stages as found in a large series of cases: I am using "intrinsic" to imply that the disease is confined within the larynx and does not pass upward beyond the aryepiglottic folds. Under "extrinsic" are placed all growths arising in the laryngopharyngeal region which involve any of the laryngeal structures, including vallecula, epiglottis, and pyriform sinus, but excluding post-cricoid cancers.
Analysis of a larger group of treated cases shows that while 29% of the "no nodes" group survived five years, only 4% of those having nodes did so. Because of the dominating influence of secondary disease, patients presenting themselves with this already present will not be further considered in this discussion.'
In practice a continuous sequence from large extrinsic to small intrinsic lesions is found. The larger pharyngo-laryngeal tumours can only be treated by external radiation, and frequently extend to the very limits of small-field, beam-directed X-ray therapy-a type of treatment that begins to show its characteristic advantages only when fields of 6 cm. diameter or smaller can be used.
As fully developed, the method has been in use for five to six years and groups available for long-term analysis are still small. In order to .present, five-year survival rates I have been forced to go back to times before satisfactory beam-direction, or, perhaps, any at all. 
9% of 22 cases
These numbers are small and really reflect the preponderance of radiurn treatments in earlier years, and you may be sure the worst was left for the X-ray tube. In fact, in this series three cases in both intrinsic and extrinsic groups were treated by radium for one by X-rays.
For interest, I have collected the three-year survival rates of more recent treatments in the same category, that is to say, cases of substantial tumours calling for relatively largevolume treatment. These are only three-year figures, but perhaps they suffice to give an idea of an improved expectation of survival: 
25% of 20 cases
We have not used this technique for smaller fields than 6 by 4 cm., feeling that a tumour that can bte so covered could often enough be better handled by techniques resulting in less voltume dosage than several beams of even this small cross-section.
These other techniques involve operative exposure, and therefore should probably be restricted to intrinsic cases, of which there is a considerable group much beyond the scope of the Finzi-Harmer fenestration technique.
In this group the method of implant after complete removal of the cartilage (Morton, Gray and Neary, Brit. J. Radiol., 1944, v7, 204-212) should be suitable.
The X-ray counterpart of this type of treatment, subcutaneous X-rav therapy, has been developed by Mr. Lambert and Dr. Watson in Mlanchester, and was described by Mlr. Lambert at a Meeting of the Section of Laryngology of this Society in December 1942. 
65, of 17 cases
In this whole group of patients I could find but one suitable for the Finzi-Harmer technique.
The Finzi-Harmer technique, as the most localized of all in its effects, should be used only for a small tumour isolated on a mobile cord, and toward the middle of it. So used it is, naturally, the most successful technique. Results are shown in the next table: 
85X of 28 cases
Five-year survival ... ...
71', of 15 cases
Many of these cases wvere treated years ago, before the limitations of the method were appreciated; even better results could reasonably be expected from better selected cases.
This completes a review of carcinoma of the larynx regarded as a progress from great to small; first the 60% with added secondary disease who, for practical purposes, mav almost be written off as far as cure is concerned, and then the 40% of potentially cturable cases, in whom tumour size is presented as the most important single factor, not onlv in prognosis, but in the design of a suitable treatment.
Dr. S. Bryan Adams: Further investigation is requlired into the time-dose factor when treating neoplasms of the larynx. That a period of a month or more is not essential for the adequate radiotherapv of a squamous carcinoma occurring in other locations is well known. In certain sites it is possible to remove an epithelioma with a single dose of radiation. Although present work shows that the destructive power of irradiation may be greater when spread over a longer period the destruction of normal tissues may also prove to be greater, if onlv because of their relatively slower rate of growth.
Fenestration is a method uised for an intrinsic carcinoma of the larynx which makes use of a much shorter time period. Some of the failures following this technique may be due to the radium containers being badlv placed, e.g. unless the window is carefully cut the cord may be at the level of the blind ends of the containers. Another method using a short time period is the skin-reflection method. We hax e treated a small number of cases by this method and no claim is made other than that the initial results are encouraging and seem to justify further investigation. The technique is simple. The skini is reflected under local anesthesia and a reasonably large dose of X-radiation is given through one or two portals, in most cases centred directlv on the lesion. Following the initial treatment the method is capable of considerable modification. The need for such will be considered at a later date when it is easier to judge results.
The advantages of this method are: The initial modification of the tumour is comolete in the small series treated. The absence of skin reaction adds greatly to the patient's comfort. Glandular metastases have been locallv excised when making the skin flan anld should these develop at a later date either surgerv or further radiation may be considered. An elaborate set-up which has constantly to be repeated is avoided.
The cases treated include chiefly tumours of the pyriform fossa, although the growths of the vallecula and of the vocal cord have also been dealt with. Nine cases only have been treated. Two of these are dead or dying, owing to spread into the base of the tongule and metastatic formation. The others are well and the primary has completely healed up to present date. The longest survival so far without recurrence is just over two years although most of the cases have been treated comparatively recentlv. My surgical colleagues have been sufficiently impressed by the method to encourage its further development and I am particularlv indebted to Mr. A. J. Wright for the constant help and encouragement he has given in the conduct of these cases and to Mr. R. G. Boyd for his help in performing satisfactory skin reflections.
These results therefore show that it is possible to cause the disappearance of laryngeal growths for a considerable time bv the short period method of irradiation and further investigation is indicated. (1) Apparatus anzd physical conditions of treatment.-(a) A 5 and a 1 gramme teleradium unit are used, the former being of the Radium Beam Research pattern. Fields varying in size from 3-5 cm. to 8 cm. diameter circle are available, and accurate small field techniques are possible. Green's directional caliper is employed for both beam direction and dose measurement. (b) Very short wavelength, highly penetrating radiation is used at short focal skin distances: 5 to 8 cm.; because of this the beam of radiation is diffuse and the percentage depth low-two distinguishing features of teleradium treatment that technically have to be fully utilized.
(2) Biological considerations.-A protracted, fractionated scheme of dosage is adopted. T'he dosage rate varies from 5 to 8 rlmin. at the surface. Two treatments of 220 to 340 r surface dose per day are given for six days per week and the total treatment time is four to six weeks. The tumour dose varies considerably from case to case, the range being 5,000 to 10,000 r with 7,000 r as an average. The integral dose is low, usually 1 to 2 megagramme rontgens.
(3) Clinical considerations.-Treatment is individualized according to the needs of each patient, no attempt being made at any routine standardization of technique. In each case the initial treatmnent plan is based upon: (i) The general condition of the patient and the presence or absence of complications, such as'infection, cartilage invasion, or respiratory embarrassment. (ii) The site, extent and possible mode of spread of the disease. In this connexion a study of the behaviour and mode of spread of intrinsic cancer of the larynx shows that it is possible to divide the cases encountered intet four topographical types, namely, those where the anterior half, the posterior half, one side, or the centre of the larynx are involved by the disease. The accurate assessment of the topography of the tumour is of prime importance in decidihg upon the appropriate treatment technique.
The conduct of the treatment depends on the response of the patient, the tumour, and the normal tissues subjected to irradiation. Our main object is to obtain a heterogenous field of radiation with maximal dosage at the tumour site, as little radiation as possible being given to the normal laryngeal and adjacent pharyngeal tissues. No attempt is made to obtain uniform dosage throughout the larynx, nor is a fixed prescribed dose of radiation employed. Clinical judgment and not any hypothetical concept of cancericidal dose is the guide to the total tumour dose given.
Slides were shown illustrating the technique of treatment of intrinsic cancer affecting the following parts of the larynx: (1) Cord tumours: (a) Anterior half of the larynx; Dr. Phyllis Wade: I propose to describe in brief a series of cases of carcinoma of the larynx treated at the Leeds Radium Centre by a. technique employed by Lieutenant-Commander La Touche.
From observations of radiation reactions it is apparent that the laryngeal cartilages and other normal structures adjacent to a laryngeal carcinoma are more tolerant to high dosage irradiation by gamma rays than by X-rays. In many cases gamma radiation is most suitably'administered by means of the radium beam, but lateral protection of the bomb head often obstructs the setting of lateral fields far back. Furthermore, the low percentage depth dose tends to nullify the value of a central posterior field. Thus it may follow that treatment by radium beam alone raises the anterior portions of the growth to a higher dose than the posterior part which is consequently under-irradiated. The dose to the posterior part of the larynx is, therefore, raised by the addition of an X-ray field in a central posterior position.
Average doses to the icentre of the tumour are 5,000 r gamma radiation plus 800 r to 1,000 r X-radiation. The treatments are given concurrently and the overall treatment time is four to five weeks.
Results.-Of 29 patients treated in various stages of the disease (intrinsic and extrinsic, with and without glandular metastases) 7 are alive at the end of three years, 1 died of intercurrent disease and 1 is untraced. 19 died of malignancy and in 1 patient the cause of death is unknown but he was not symptom-free after treatment and may be assumed dead of malignancy. Taking 20 dead of malignancy and 7 alive, the survival-rate is thus 26% for all stages.
Manv of those dying of malignancy had direct extension of the growth upwards or downwards. It must be remembered that the diameter of the radium beam is small, and for treatment to be successful the vertical limits of the growth must be very circumscribed.
Dr. Benjamin Jolles: The fact that neoplastic tissues in the larynx, ceteris paribus, respond differently to radiation in the absence or presence of cedema in or around the growth, renders the early detection of this complication very important. Soft tissue radiography which is complementary to laryngoscopy is of great value if undertaken in a methodical way. Apart from a plain lateral radiograph and a tomographic film, a picture taken with a barium swallow may throw additional light as regards the surface of the growth to which the opaque partictes stick; generally it does not happen over an cedematous area. A fourth film with the Valsalva manceuvre reveals the degree of limitation of movement of the cartilaginous framework in the air-expanded larynx-pharynx, and gives a clue as to the extent of the invasion by growth and details regarding cedema. This picture shows also the effectiveness of the treatment and after its completion may foretell sequela and recurrence.
In the intensive type of treatment the problem of connective tissue reactions is of paramount importance and therefore the detection of a slight degree of oedema of the recurring-subsiding type may influence the way of approach. A qualitative physiological approach in such cases is imperative and Coutard's views on the more rapid delivery of the dose if theucedema follows, or a slower rate of irradiation if cedema Drecedes the gradual involution of the irradiated tumour, are worth remembering.
As no single measure can be effective in combating or preventing cedema due to manifold causative factors, general lines based on the knowledge of the physiopathology and radiobiology of.the underlying changes in the tissues must be adopted. Among substances which seem useful during the radiation treatment for carcinoma of the larynx, sprays of urethane and cocaine have proved helpful in this respect in 8 of my cases.
As regards the modification of the Finzi-Harmer technique R. Kaye Scott of Melbourne has been working on similar lines (Aust. med. J., 1932 (ii), 287).
Dr. N. S. Finzi said that he had had bad results in extrinsic laryngeal growths even with the million volt machine. With regard to intrinsic growths the patient's life must be the prime consideration, but if the case were suitable there was no question as to which gave the better results, radiation or surgery. He then played some gramophone records of the voice in laryngofissure cases and -in radium implantation cases. These showed the almost normal voice obtained after the radium method as compared with even the good laryngofissure voices Dr. H. C. Simchowitz mentioned a new method of intralaryngeal contact therapy of carcinoma of the larynx, recently described by Chaoul, who has used this method in suitable cases since 1940. Chaoul had constructed for this purpose a modified contact therapy tube fixed to a specially constructed direct laryngoscope and reported 11 three year cures, with a good functional result, out of 13 treated cases.
The speaker would like to know whether radiotherapists had experience with the "concentration method" of radiotherapy for carcinoma of the larynx-the use of large daily doses over a comparatively short period-described recently by Cutler. who claimed its effectiveness in the more radio-resistant types of carcinoma.
Dr. Frank Ellis: The principles to be observed in treating carcinoma of the larynx by radiation would appear to be: (a) Economy of radiation; (b) accuracy of application; (c) choice of the best time-dosage relationship; (d) avoidance of the ill-effects of sepsis.
Economy of radiation.-As little radiation as possible should be absorbed in normal tissues for a certain tumour dose. The most economical methods are undoubtedly the Finzi-Harmer and the contact therapy method published by Watson from Manchester. Adams' method approaches this minimal waste of radiation. These methods are characterized by having very few undesirable after-effects. The beam therapy method described by Lederman is intermediate between the above methods and those of deep X-ray therapy.
Accuracy of treatment is attained by care in setting up by. beam direction methods such as Dobbie described or by the use of a jig as used by Wilson or, of course, more easily, in the very local methods, by ensuring that the exposed field for treatment by radiation or contact X-rays covers the desired region adequately.
Choice of the best time-dosage relationship.-There are great differences here between the single dose methods, the very protracted gamma ray treatment of the Finzi-Harmer technique, and the low-intensity and high-intensity methods of beam radiation, whether by radium or deep X-ray. Thinking, as I now do, that the highest dose in rontgens, compatible with complete recovery of the normal tissues should be the aim, I believe that the best results with external radiation are likely to be obtained by using many fractionations. The rule suggested by Gray' that the total tolerance dose is proportioned to the square root of the number of fractionatiom accords with the work of Coutard and of the Beam Therapy Research, some of the best results published, in which patients were usually treated twice daily for one month. Dr. Edith Paterson's report2 on the relative effects of single doses and friactionated doses on tissue cultures likewise argues for fractionation.
To avoid the ill-effects of sepsis is less easy. Recently I have been giving a full course of sulphonamides, and starting the treatment two days after this course is completed so as to avoid what I think are the undesirable effects of using radiation at the same time as sulphonamides. The first results have been encouraging. I think that the sepsis cannot, in the larynx, be adequately dealt with except through the blood-stream, and that every ulcerated cancer is infected. "'Brit. J. Radiol., 1944 , 17, 327. ',Brit. J. Rqdiol., 1944 Dr. P. C. Koller: In spite of considerable individual variations in time of appearance and degree of erythema, the conclusion that a higher dose is required to produce it by gamma radiation than by X-rays has been verified by many investigators. Accepting the fact that a difference does exist between gamma and X-rays in respect to the effects on biological material, can we attribute the difference in the tissue response to the difference in wavelength, or is it due to the low dosage rate employed in gamma ray therapy?
We must, first of all, distinguish between radiation effects induced in (1) single cells and (2) tissues.
(1) In individual, separate cells, such as sperm cells or pollen grains, the effects due to single ionizations are the same after X or gamma radiation; the difference in wavelength has no influence. Similarly when the combined effect of two or several independent ionizations, for example chromosome breaks, are considered, no significant difference between X and gamma radiation is noticeable. If there is any wavelength effect it should have been detected in properly controlled experiments on individual cells.
(2) When, however, the effects on tissues composed of cells differing in their developmental stages are studied, a different response to gamma and X-rays can be detected. It is known that cells are sensitive to radiation for a very short period during their lifecycle, which extends from one division to the next. Radiation such as gamma radiation, which is given at a low dosage rate over a long period (forty to sixty minutes) will catch more cells in the sensitive period than when radiation such as XWradiation is given at a much higher dosage rate over a shorter time (six to ten minutes). This difference can become significant in highly active tumours. Furthermore, empirical observations on skin erythema indicate that the effect on the physiological functions of normal differentiated cells is less after radiation given at low-dosage rate than at high-dosage rate; one of the results being an increase in skin tolerance to radiation. These two effects, namely (a) higher numbers of malignant cells being irradiated in the sensitive period, and (b) higher tolerance of normal tissue, may explain the difference between gamma and X-radiation. From a biological standpoint, on account of the low dosage rate employed in radium treatment, we may consider radium better suited than X-rays to the treatment of some tumours, amongst which we can include the tumours of the larynx.
